Application of the Coagulation Process Focusing on Humic Substances  by Yamazaki, Kimiko et al.
 Procedia Environmental Sciences  28 ( 2015 )  725 – 731 
1878-0296 © 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Sustain Society
doi: 10.1016/j.proenv.2015.07.085 
Available online at www.sciencedirect.com
ScienceDirect
The 5th Sustainable Future for Human Security (SustaiN 2014) 
Application of the coagulation process focusing on                   
humic substances 
Kimiko Yamazakia, Akira Koizumia and Hayato Chibab 
aTokyo Metropolitan University,1-1 Minamiosawa, Hachioji City,Tokyo,192-0397, Japan 
bOgasawara Village Office, Nishimachi,Ogasawara Village,Tokyo,100-2101, Japan 
Abstract 
The water source for Ogasawara village in Tokyo Prefecture has high concentrations of organic matter, color, and high 
trihalomethane formation potential. Therefore, the fungal breakdown of plants has produced leaf mold, which in turn has caused 
surface runoff to contain various humic substances. At the Ogiura water purification plant, a flocculant is added by a high 
injection ratio of 200-400 mg/L for removal of humic substances. This research focuses on humic substances in raw water in 
order to develop a means of separating humic acid with pH adjustment. The result shows that humic acid of raw water for water 
supply and purification treatment could be reduced and that the amount of chemical used for coagulation treatment could 
furthermore be reduced by optimal pH and PAC injection ratio under laboratory conditions. The results should serve as useful 
information for improving the purification treatment in areas that use raw water containing high levels of humic substances for 
their water supplies. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of Sustain Society. 
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1. Introduction 
The water source for Ogasawara village in Tokyo Prefecture has high concentrations of organic matter, color, and 
high trihalomethane formation potential. The staff of the water purification plant is struggling to maintain the plant 
so it can provide tap water that meets water quality standards. The island has a moist, oceanic subtropical climate, 
and the drainage basin that serves as the water source is overgrown with dense vegetation. The fungal breakdown of 
plants has produced leaf mold1), which in turn has caused surface runoff to contain various humic substances2)3). 
Raw water for the water supply has produced a brown color, which is thought to come from decaying plant matter 
leeching out from leaf mold. A nationwide study of the state of trihalomethane in tap water has been conducted by 
the Ministry of Welfare from the fall of 1980 to the spring of 1981. The study has shown that the tap water of 
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Ogasawara village on Chichi-jima Island has had the highest concentration of trihalomethane in the nation. Various 
measures therefore have been considered to reduce the formation of trihalomethane. Attempts have been made to 
reduce the concentration of organic matter in the water by adding powdered activated carbon as the first step of the 
treatment process. After the treatment, however, the constituents still had a high average color of 50 degrees, which 
could not be removed. This has been countered by adopting an extremely high coagulant dosage of 200 to 400 mg/L 
for the coagulation treatment. The raw water also contains high concentrations of nitrogen, phosphorous, iron, 
manganese, and aluminum, and there are other issues such as significant fluctuation of turbidity.  
Treatment of dissolved organic matter with activated carbon as a method for managing the high concentration of 
trihalomethane was reexamined by reviewing the amount of powdered activated carbon added in the past, and then 
the total organic carbon (TOC) in the water before and after treatment by the addition of activated carbon were 
compared. As a result, it was determined that very little TOC was removed by the addition of powdered activated 
carbon. At the same time, it was discovered that the amount of TOC was dramatically reduced by coagulation-
sedimentation treatment, thereby necessitating a reconsideration of the current water purification process. The plan 
to relocate the water purification plant has begun to be implemented with the new water purification plant scheduled 
to begin operations in fiscal 2015. In the meantime, the degree to which water can be efficiently purified and the 
plant maintained to minimize the amount of waste is of great importance and will serve as a reference when 
implementing water treatment at the new water purification plant.   
Most dissolved humic acid can be separated in an aqueous solution containing humic substances by adjusting the 
pH to 2 or less. Since the water quality standard for drinking water is established as being from pH 5.8 to 8.6, it is 
unrealistic to adjust the pH of raw water to 2 by this purification process. This research focuses on humic substances 
in raw water in order to develop a means of separating humic acid, which is one of the materials that make up humic 
substances and reduce the amount of coagulant use during the coagulation treatment.  
2. Current state of water purification 
The Ogiura water purification plant is a small-scale plant that has a maximum intake flow of 1,140m3 and a 
maximum filtration flow of 1,100m3 per day. The plant operates 8 hours a day, from 8:00 am to 4:00 pm. Fig. 1 
shows the water purification process at the Ogiura water purification plant for Ogasawara village. Figs. 2-6 show the 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The water purification process at the Ogiura water purification plant for Ogasawara village. 
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Fig. 2. Turbidity variations in raw water                                                            Fig. 3. Color variations in raw water 
and purified water quality                                                                                                and purified water quality  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. pH variations in raw water                                                                     Fig. 5. Electric conductivity variations  
and  purified water quality                                                                   in raw water and purified water quality  
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
Fig. 6. Total  manganese  variations                                                                     Fig. 7. TOC variations in raw water 
in raw water and purified water quality                                                                                   and purified water quality  
variations in untreated and purified water quality. The temperature of raw water is high throughout the year, and 
trihalomethane formation potential is also high. For this reason, an intermediate chlorination is accomplished by 
introducing sodium hypochlorite for manganese treatment after the coagulation-sedimentation treatment and prior to 
rapid filtration. Chloramine treatment4) is performed by the addition of ammonium sulfate after rapid filtration. The 
quality of raw water is poor and turbidity is around 10 to 20 under ordinary circumstances, but may exceed 100 due 
to frequent typhoons. Color is around 50 degrees. Because the location is surrounded by sea, chloride and bromide 
ion concentrations are also high. Fig. 7 shows TOC concentration in water after purification at the water purification 
plant. 
In Ogasawara village, approximately 20 mg/L of powdered activated carbon is added throughout the year5). 
Water must be added to the powdered activated carbon to make a slurry before it can be used. This task cannot be 
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automated at the Ogiura water purification plant. Moreover, the dust from the powdered activated carbon poses 
additional safety procedures for the workers at the plant. If the water purification method could be improved to 
facilitate maintenance and make automation possible, the scale of the facilities could be reduced to less than 50 
percent of the current size. 
The water purification plant, currently under construction, will introduce magnetized ion-exchange resin to 
reduce the concentration of organic matter. Initially, it was planned to place the magnetic ion-exchange resin at the 
beginning of the purification process in place of treatment with powdered activated carbon, but it was decided to 
place it after the coagulation-sedimentation treatment in order to reduce the frequency to regenerate the ion-
exchange resin.   
3. Test method 
The coagulation test was performed after taking a sample of the raw water at the Ogiura water purification plant 
and adjusting the pH with sulfuric acid, without adding activated carbon5). The coagulant is a polyaluminum 
chloride (PAC) used at the water purification plant. 
The pH of the raw water for water supply was adjusted to 4.0, 5.0, and 6.0 before performing the coagulation test. 
Using the pH which yielded the optimal result, the pH was fine-adjusted in 0.5 increments to gather more detailed 
data from the coagulation test. The conditions for the coagulation test were to add coagulant, agitate rapidly at 150 
rpm for 10 minutes, and then agitate slowly at 30 rpm for 20 minutes, in that order. The solution was then allowed to 
set for 20 minutes when agitation was completed. PAC injection ratio was set to 20 to 220 mg/L in 20 mg/L 
increments. 
When the coagulation test was completed, the supernatant water was sampled, and TOC, color, turbidity, etc.6), 
were measured. Assuming the rapid filtration treatment would be performed after the coagulation-sedimentation 
treatment, similar measurements were carried out on samples of supernatant water filtered through glass fiber paper 
with a pore size of 1.0 μm. To furthermore learn of the condition of humic acid, three-dimensional Excitation-
Emission-Matrix (EEM) fluorescence spectra were measured by fluorometric analysis7-10). The range of the 
fluorescent wavelength analysis was 230-550 (Em) nm and 220-450 (Ex) nm9). 
4. Results and observations 
The quality of the water provided by the Ogiura water purification plant for the test was pH 7.2, TOC was 5.3 
mg/L, turbidity was 8.3, and color was 52.2 degrees. The PAC injection ratio at the plant on the day raw water 
sampled was 230 mg/L. The precipitation for the 5 days prior to the day of the experiment was 0mm, and the 
average temperature on those days was 22.3Υ. 
The first coagulation tests were also conducted at pH 4.0, 5.0, and 6.0. Fig. 8 shows the results for TOC and Fig. 
9 shows the results for color. Fig.10 and Fig.11 show the results for turbidity.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Experiment results (TOC)                                                          Fig. 9. Experiment results (Color) 
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From the results of the first coagulation test, pH 6.0 was re-selected. The next step of the coagulation tests were 
also conducted at pH 5.0, 5.5, 6.0, and 6.5. Fig. 12 shows the results for TOC and Fig. 13 shows the results for color. 
At a PAC injection ratio of 60 mg/L, TOC was lower than the tap water quality standard value for all raw water 
samples for which pH was adjusted.  Color was lower than the tap water quality standard value for raw water for 
which the pH was adjusted to 6.0 when the PAC injection ratio was at least 60 mg/L. Under ordinary circumstances, 
the pH of water receiving coagulation treatment becomes lower when a chemical such as PAC is introduced for 
coagulation treatment. Fig . 14 gives the results of pH measurements following the coagulation test.  
Under laboratory conditions, when the supernatant water following, the coagulation-sedimentation treatment was 
within the tap water quality standard of pH 5.8 to 8.6, all PAC injection ratios satisfied requirements when the pH of 
untreated water was not adjusted or when the pH was 6.5. Likewise, requirements were fulfilled when the PAC 
injection ratio was 60 mg/L or lower at pH 6.0. After adjusting the pH to 6.0, a PAC injection ratio of 60 mg/L was 
determined to be the optimal condition after a thorough evaluation of the results, such as TOC, color, and pH 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Experiment results (Turbidity)                                     Fig. 11. Experiment results (Turbidity of filtered water) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12. Experiment results (TOC)                                                          Fig. 13. Experiment results (Color) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 14. Experiment results (pH) 
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following the coagulation test. The lower limit of tap water quality standard is pH 5.8, so it could be assumed that 
pH 6.0 is suitable for actual purification. 
Removal of substances such as humic acid was furthermore analyzed by fluorometric analysis. Figs. 15 and 16 
show the EEM of raw water prior to pH adjustment and after adjustment to pH 6.0. By comparing these two figures, 
it would indicate the amount of humic acid in the water adjusted to pH 6.0 was reduced. Figs. 17 and 18 show 
unadjusted pH adjustment following the coagulation-sedimentation test by introducing 60 mg/L of PAC and EEM of 
pH 6.0. The two figures show that, as a result of the test whereby pH is adjusted to 6.0, the presence of humic acid 
changed significantly and was reduced. 
Trial calculations of per-day chemical dosage at the Ogiura water purification plant were performed using the 
results obtained. The existing purification volume of 1,000 m3 per day and PAC injection ratio of 200 mg/L was 
compared with the optimal conditions obtained by the test. Whereas 167 liters of PAC per day is currently used, 
after adjusting the pH to 6.0 and changing the PAC injection ratio to 60 mg/L, the amount of PAC used per day was 
reduced to 50L, approximately one third of the current amount. The amount of sulfuric acid required for pH 
adjustment is theoretically a minimal quantity of several milliliters when calculated as concentrated sulfuric acid, 
but consumption by dissolved substances such as calcium that exist in significant quantities in raw water must also 
be taken into account. According to the chemical additive test, the amount of concentrated sulfuric acid added was 
much less than the amount of PAC used, and was calculated to be approximately 2 L per day. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Using the result of trial calculations of chemical dosage, roughly estimate about chemical costs was done. The 
result of estimation, 13,600 yen per day will be cut down. However, this result does not take into account the 
transportation costs. The transportation costs to the Ogasawara Islands fluctuate in fuel oil price. Therefore, it is 
difficult to calculate the transportation costs of chemicals. But, considering the total capacity of transport to 
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chemicals, chemical usage is reduced from 1 day 166.7L to 52L and will be about one-third. Therefore, significant 
reduction of transport costs can be estimated. 
These results show that the amount of chemicals used for coagulation treatment was reduced and cost of water 
purification was cut by adjusting the pH of raw water for water supply to 6.0 using concentrated sulfuric acid prior 
to the coagulation-sedimentation process. 
5. Conclusion 
   The research described herein pertains to testing to determine the possibility of reducing the concentration of 
humic substances by introducing acid treatment using raw water from the Ogiura water purification plant for 
Ogasawara village. From the results of changing the pH of raw water through coagulation tests by adjusting it to pH 
6.0, which is within the tap water quality standard of pH 5.8 – pH 8.6, it was shown that organic matter and color 
could be reduced. By the use of three-dimensional Excitation-Emission-Matrix, analysis was carried out on the 
existing state of humic substances in raw water and purification treatment water. The most suitable pH and PAC 
infusion rate under experimental conditions was determined, and it was confirmed that this water treatment could 
significantly reduce humic acid. The amount of chemical dosage was calculated between the chemical quantity 
being proposed for this acid treatment and the current chemical dosage being used at the water treatment plant. The 
results of this comparative review confirm that it is possible to significantly reduce the amount of chemicals to be 
used by the introduction of the proposed acid treatment. In addition to these results, the introduction of acid 
treatment at the Ogiura water purification plant would lead to a sharp reduction of coagulant usage and chemical 
costs while producing less sludge. The results of this research will serve as useful information for improving the 
purification treatment of raw water containing high levels of humic substances for water supplies in areas that 
experience high-temperatures and humidity in tropical and subtropical zones.    
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